Lipids are important dietary components and changes in their quality may cause significant alterations in the fatty acid composition and properties of cardiac membranes. Changes in the composition of membrane lipids can account for nutritional benefits exerted by certain fatty acids through the so-called 'membrane lipid-therapy' (1) . Many experimental and clinical studies have shown that dietary lipids can influence the incidence and severity of CHD. While MUFA and PUFA (n-3 and n-6 classes) usually display beneficial effects, SFA may have an adverse impact on the heart (2 -4) . Both classes of PUFA collectively protect the heart against ischaemia -reperfusion injury but n-3 PUFA are considered more potent in their cardioprotective activity (5) . Dietary PUFA play a key role in cardiac protection by modulating serum and tissue lipid composition and in this regard affecting metabolic and signal-transduction pathways (6) . Chronic intermittent hypoxia (CIH) is another protective phenomenon that increases cardiac tolerance to all major damaging consequences of ischaemiareperfusion (7) . Our recent results suggest that the signalling pathway involving protein kinase C (PKC) and reactive oxygen species plays a role in the mechanism of CIH-induced cardioprotection (8) . Moreover, we have shown that CIH induces the remodelling of cardiac membranes leading to the increase in the n-3 PUFA proportion in phospholipids (PL) (9) . The present study was prompted by results of our recent experiments (10) combining two systemic interventions that can improve cardiac ischaemic tolerance: dietary supplementation with n-3 or n-6 PUFA and adaptation to CIH. The n-6 and n-3 PUFA-enriched diets as well as CIH protected against arrhythmias but had distinct effects on myocardial infarct size induced by coronary artery occlusion. The n-6:n-3 PUFA ratio in the heart PL was altered in accordance with the fatty acid composition of the lipid diet while CIH decreased this ratio to the same extent, independent of dietary fatty acid profile. The main purpose of the present study was to analyse in detail the effects of lipid diets and CIH on acyl composition of the main lipid classes in rat serum and heart. For the first time we demonstrated that, under these conditions, the individual classes of transport and membrane lipids markedly differ in their ability to maintain fatty acid composition. In line with the increased susceptibility of n-3 PUFA to oxidative stress, myocardial markers of lipid peroxidation increased in fish oil-supplemented rats.
Materials and methods

Animal model
Adult male Wistar rats (weight 250-280 g) were fed a non-fat standard ST1 diet (Velaz, Czech Republic) enriched with either 10 % by weight of lard, fish oil (n-3 PUFA; Löhmann & Voss, Germany) or maize oil (n-6 PUFA; Olmühle GmbH, Austria) for 10 weeks. The composition of the nonfat standard ST1 diet was as follows (per kg): 240 g crude protein; 37·2 g non-nutrient fibres; 65·1 g ash; 240 g N substances; antioxidants (butylhydroxytoluene, ethoxyquin, butylhydroxyanisol); 4500 mg (15 000 IU) vitamin A; 25 mg (1000 IU) vitamin D; 107·9 mg vitamin E; 0·34 mg Se; 22·6 mg Cu; 13·2 g Ca; 8·7 g P; 1·8 g Na; Myco ad (adsorbent of mycotoxins). The fatty acid composition of the diets enriched with lard, fish oil or maize oil is shown in Table 1 ; the term 'enriched' is omitted hereafter for the sake of simplicity. After 4 weeks on the diets, each group was divided into two subgroups that were either exposed or not to chronic intermittent (hypobaric) hypoxia corresponding to 7000 m for 8 h/d, 5 d/week. In the exposed subgroups, barometric pressure (P B ) was lowered stepwise so that the level equivalent to an altitude of 7000 m (P B ¼ 41 kPa; PO 2 ¼ 8·6 kPa) was reached after thirteen exposures; the total number of exposures was twenty-five (8) . The control subgroups of animals were kept for the same period of time at P B and PO 2 equivalent to an altitude of 200 m (P B ¼ 99 kPa; PO 2 ¼ 20·7 kPa). All animals had free access to water. The day after the last hypoxic exposure, rats were anaesthetised by sodium pentobarbitone (60 mg/kg body weight, intraperitoneally; Sanofi, France).
After collecting the blood samples, the hearts were rapidly excised, washed in cold (08C) saline and dissected into the right and left ventricular free walls and the septum. Heart regions were weighed and the left ventricles were frozen and stored in liquid N 2 . All of the chemicals were purchased from Sigma (St Louis, MO, USA), unless otherwise indicated. The study was conducted in accordance with the Guide for the Care and Use of Laboratory Animals published by the US National Institutes of Health (NIH publication no. 85-23, revised 1996). The experimental protocol was approved by the Animal Care and Use Committee of the Institute of Physiology, Academy of Sciences of the Czech Republic.
Fatty acid composition
Serum (1 ml) was dissolved in 21 ml of a chloroform-methanol mixture (2:1, v/v) and shaken in a pear-shaped flask. The serum protein precipitate was removed by filtration. Then 10 ml of a chloroform-methanol -water mixture (3:48:47, by vol.) was added and after a vigorous shaking the lower lipid layer was separated and dried at 408C under a stream of N 2 . Individual lipids, i.e. PL, TAG and cholesteryl esters (CE), were separated by onedimensional TLC (0·5 mm Silica Gel H; Merck, Darmstadt, Germany) using the solvent mixture hexane -diethyl etheracetic acid (85:15:1, by vol.), detected by 2,7 dichlorofluorescein (0·005 % in methanol), scraped out and stored in an N 2 atmosphere at 2 208C. On the next day, fatty acid methyl esters were prepared and separated by GC (11) . Heart lipids and their fatty acid composition were analysed as described previously (9) . Briefly, frozen left ventricular myocardium was pulverised and homogenised. Lipids were extracted according to Folch et al. (12) and dried at 408C under a stream of N 2 . The one-dimensional TLC of PL, TAG and diacylglycerols (DAG) as well as further procedures were the same as with the serum samples.
Antioxidative enzyme activities
Frozen left ventricular myocardium was pulverised to a fine powder at the temperature of liquid N 2 , followed by PotterElvehjem homogenisation in 8 volumes of ice-cold buffer composed of (mmol/l): 12·5 2-amino-2-hydroxymethylpropane-1,3-diol (Tris)-HCl (pH 7·4); 250 sucrose; 2·5 ethylene glycol tetra-acetic acid; 1 EDTA; 100 NaF; 5 dithiothreitol; 0·3 phenylmethylsulfonyl fluoride; 0·2 leupeptin; 0·02 aprotinin.
Catalase activity was measured by the method of Aebi (13) . The rate of H 2 O 2 decomposition was monitored spectrophotometrically.
Glutathione peroxidase (GPX) activity was determined by the indirect procedure described by Paglia & Valentine (14) . Oxidised glutathione was produced by GPX reaction and immediately reduced by NADPH in the presence of glutathione reductase. The rate of NADPH consumption was recorded as a measure of oxidised glutathione formation.
Total superoxide dismutase (SOD) activity was determined by the modified nitroblue tetrazolium method in homogenates (15) . The xanthine -xanthine oxidase reaction was utilised to generate a superoxide flux. Nitroblue tetrazolium reduction by superoxide anions to blue formazan was measured spectrophotometrically. ND, not detected. * S SFA, S MUFA, S n-6 PUFA and S n-3 PUFA comprise of all fatty acids analysed. † The unsaturation index is calculated as mol % of individual unsaturated fatty acids multiplied by the number of double bonds.
Conjugated dienes
The extraction of lipids was carried out by the method of Folch et al. as described above (12) . The dry lipid residue was redissolved in cyclohexane and the tissue content of conjugated dienes was measured spectrophotometrically (16) .
Statistical analysis
The results are expressed as mean values with their standard errors. Two-way ANOVA and subsequent StudentNewman -Keuls tests were used for comparison of differences in normally distributed variables between groups. Differences were considered as statistically significant when P, 0·05. Table 2 presents fatty acid composition of serum lipids. The fatty acid profiles and values of the unsaturation index in serum TAG of normoxic dietary groups closely followed those of the corresponding fed diets ( Table 1 ). The proportion of SFA and MUFA decreased in favour of total PUFA in the Cholesteryl esters  16 : 0  8·57  0·67  10·71  0·72  7·53 ‡  0·59  9·83  0·33  11·05  0·39  9·33  1·40  18 : 0  1·03  0·18  1·36  0·34  0·82  0·27  1·17  0·11  1·23  0·14  1·42  0·59  18 : 1n-9  7·57  0·23  8·11  0·25  8·14  1·16  8·92  0·40  7·90  0·11  12·71  4·68  18 : 2n-6  26·52  0·80  22·31 §  1·70  28·34  0·68  27·65  1·20  19·03 §  0·47  29·43  1·60  20 : 4n-6  50·15  1·64  24·37 §  5·82  49·81  2·62  44·84  2·00  16·55 §  0·27  40·88  5·36  20 : 5n-3  0·54  0·13  23·41 §  5·72  0·36  0·13  0·53  0·18  33·74 §*  0·54  0·23  0·05  22 : 6n-3  0·72  0·02  1·62 §  0·24  0·50  0·04  0·86  0·06  1·62 §  0·11  0·61  0·09  20 : 4n-6:22 : 6n-3 ratio  70·00  0·88  20·14 §  9·78  100·97 §  7·87  53·09  3·24  10·47 §  0·99  68·97*  9·39  S SFAk  10·18  0·86  13·01  0·98  9·08 ‡  1·12  11·87  0·32  13·33  0·37  11·52  1·85  S MUFAk  10·84  0·62  14·06  1·07  10·77  2·02  12·70  0·58  14·49  0·33  15·83  5·32  S n-6 PUFAk  77·46  1·30  47·34 §  7·53  79·30  3·23  73·68  0·82  36·44 §  0·35  71·38  6·88  S n-3 PUFAk  1·53  0·12  25·50 §  5·96  1·11  0·17  1·73  0·13  35·73 §*  0·57  1·26  0·12  Unsaturation index{  274·68  5·38  286·47  6·52  274·99  9·42  259·85  4·86  301·16 §  1·92  247·73  19·49 following sequence: lard . fish oil . maize oil dietary groups. The high abundance of 18 : 1n-9 was the characteristic feature of the lard dietary group whereas the maize oil group was rich in 18 : 2n-6. In contrast to the fed diets, 20 : 4n-6 appeared in serum TAG in the lard and particularly in the maize oil dietary groups. The highest unsaturation index of the fish oil group was in agreement with the markedly higher n-3 PUFA proportion in this group compared with other dietary groups. CIH increased SFA and MUFA proportions due to the rise of 16 : 0 and 18 : 1n-9 and decreased the n-6 PUFA proportion due to the fall of 18 : 2n-6 and 20 : 4n-6 in the maize oil dietary group, resulting in lowered unsaturation index values. Regarding the lard group, CIH decreased the 18 : 2n-6 proportion only. No effect of CIH on serum TAG was observed in the fish oil group. The dominant fatty acids in serum PL of the lard and maize oil dietary groups were 16 : 0, 18 : 0, 18 : 2n-6 and 20 : 4n-6 in nearly equimolar proportions while for the fish oil group, a half of 20 : 4n-6 was substituted by 20 : 5n-3 and 22 : 6n-3. CIH increased the abundance of 16 : 0 and 18 : 1n-9 and decreased 20 : 4n-6 in serum PL of the lard group with a qualitatively similar but less pronounced effect in the fish oil group; Phospholipids  16 : 0  10·07  0·34  10·92  0·29  9·08 §  0·24  11·55*  0·37  12·43  0·60  10·91*  0·42  18 : 0  26·04  0·78  25·50  1·76  26·30  1·65  25·60  0·70  25·29  1·01  26·25  1·30  18 : 1n-9  3·76  0·11  3·34 §  0·08  3·69  0·09  3·70  0·19  3·31  0·06  3·27*  0·12  18 : 2n-6  20·13  1·36  20·54  0·70  25·81 §  1·56  17·75  0·15  16·63*  0·36  24·43 §  0·75  20 : 4n-6  22·08  0·20  11·61 §  0·50  21·44  0·87  19·91*  0·47  11·18 §  0·54  18·96*  0·51  20 : 5n-3  0·17  0·03  2·89 §  0·18  0·04  0·01  0·20  0·04  2·74 §  0·15  0·06  0·01  22 : 6n-3  10·41  0·39  17·31 §  0·86  7·12 §  0·54  12·52*  0·76  19·83 §  0·88 8·91 §* 0·43 20 : 4n-6:22 : 6n-3 ratio Unsaturation index{  216·49  2·83  227·46  8·85  203·27  6·94  220·92  6·61  233·91  8·38  204·20 ‡  5·70  Diacylglycerols  16 : 0  27·97  1·80  24·77  1·19  23·86  1·90  23·53  1·45  21·44  1·37  21·11  1·53  18 : 0  23·76  2·46  19·51  1·78  21·37  2·12  24·83  2·18  18·97  2·23  22·44  2·32  18 : 1n-9  20·85  4·11  18·85  2·51  18·63  2·44  19·97  3·07  18·57  3·90  14·80  2·66  18 : 2n-6  6·42  0·44  8·59  1·00  14·37 §  2·25  8·46  0·67  10·22  0·97  16·15 §  1·62  20 : 4n-6  4·20  1·04  3·63  0·57  4·94  0·94  5·85  1·09  5·85  1·45  8·56*  1·69  20 : 5n-3  1·18  0·91  2·15  1·22  1·76  1·42  0·38  0·07  1·59 §  0·33  0·54  0·23  22 : 6n-3  2·11  0·43  3·69 §  0·61  2·04  0·22  3·29  0·44  6·01 §*  0·98  3·70  0·57  20 : 4n-6:22 : 6n-3 ratio  1·99  0·27  0·95  0·15  2·46 §  0·43  1·65  0·20  1·12  0·22  2·39 ‡  0·35  S SFAk  53·70  2·84  46·26  1·54  46·67  2·50  49·69  2·35  41·51  1·27  45·07  1·43  S MUFAk  30·36  3·59  32·91  2·26  27·58  2·07  29·54  2·67  31·69  3·25  22·75  2·64  S n-6 PUFAk  11·63  1·50  13·61  1·57  21·04 §  2·82  15·81  1·50  17·25  2·05  26·53 §  2·65  S n-3 PUFAk  4·28  0·86  7·20  1·28  4·68  1·35  4·94  0·51  9·53 §  1·38  5·63  0·65  Unsaturation index{  75·16  5·74  88·90  5·20  95·48 †  5·39  85·14  5·45  102·25 †  6·12 108·07 † 6·57 * Mean value was significantly different from that of the corresponding normoxic group (P,0·05). † Mean value was significantly different from that of the corresponding lard dietary group (P, 0·05). ‡ Mean value was significantly different from that of the corresponding fish oil dietary group (P, 0·05). § Mean value was significantly different from those of the other dietary groups (P, 0·05). k S SFA, S MUFA, S n-6 PUFA and S n-3 PUFA comprise of all fatty acids analysed. { The unsaturation index is calculated as mol % of individual unsaturated fatty acids multiplied by the number of double bonds.
Results
Fatty acid composition of serum and heart lipids
the unsaturation index decreased in both groups. In the maize oil dietary group, the increase in the proportion of 18 : 2n-6 was observed after adaptation to CIH.
In serum CE, the proportions of individual SFA and MUFA were very low as compared with the other lipids analysed. The distinguishing feature of CE was the high level of 20 : 4n-6 in Fig. 1 . The (SFA þ MUFA):PUFA ratio in the diet (a), serum TAG (b), heart TAG (c), serum phospholipids (PL) (d), heart PL (e), serum cholesteryl esters (CE) (f) and heart diacylglycerols (DAG) (g) of normoxic rats and chronically hypoxic rats fed a lard, fish oil or maize oil diet. Values are means of five animals per group, with standard errors represented by vertical bars. * Mean value was significantly different from that of the corresponding normoxic group (P, 0·05). † Mean value was significantly different from that of the corresponding lard dietary group (P, 0·05). ‡ Mean value was significantly different from that of the corresponding fish oil dietary group (P , 0·05). § Mean value was significantly different from those of the other dietary groups (P, 0·05). Fig. 2 . The n-6:n-3 PUFA ratio in the diet (a), serum TAG (b), heart TAG (c), serum phospholipids (PL) (d), heart PL (e), serum cholesteryl esters (CE) (f) and heart diacylglycerols (DAG) (g) of normoxic rats and chronically hypoxic rats fed a lard, fish oil or maize oil diet. Note that the vertical axis of the graph of serum CE (f) has a different scale. Values are means of five animals per group, with standard errors represented by vertical bars. * Mean value was significantly different from that of the corresponding normoxic group (P, 0·05). ‡ Mean value was significantly different from that of the corresponding fish oil dietary group (P, 0·05). § Mean value was significantly different from those of the other dietary groups (P, 0·05).
the lard and maize oil dietary groups, representing about 50 % of total fatty acids. The fish oil diet replaced 18 : 2n-6 and 20 : 4n-6 by the equimolar proportion of 20 : 5n-3 and 22 : 6n-3. CIH further increased 20 : 5n-3 at the expense of 18 : 2n-6 and 20 : 4n-6 in the fish oil dietary group. Table 3 presents the fatty acid composition of heart lipids. Both PUFA dietary groups had a lower proportion of SFA (16 : 0, 18 : 0) and a higher unsaturation index in heart TAG as compared with the lard group. The MUFA proportion was the lowest and that of n-6 PUFA the highest one in the maize oil group, compared with other dietary groups. The fish oil group exhibited a higher proportion of n-3 PUFA compared with other dietary groups. CIH increased 22 : 6n-3 and the unsaturation index in the lard and fish oil groups. The 20 : 4n-6:22 : 6n-3 ratio was decreased by CIH in all dietary groups.
In heart PL of the fish oil group, the accumulation of 20 : 5n-3 and 22 : 6n-3 at the expense of 20 : 4n-6 was observed as compared with the other two dietary groups. Adaptation to CIH increased 16 : 0, 22 : 6n-3 and decreased 20 : 4n-6 proportions in the lard and maize oil dietary groups, while it decreased 18 : 2n-6 and increased total n-3 PUFA proportions in the fish oil group. The 20 : 4n-6:22 : 6n-3 ratio was decreased by CIH in all dietary groups.
In heart DAG, SFA and MUFA were the most prominent fatty acids. The proportion of 22 : 6n-3 was higher in the fish oil group whereas 18 : 2n-6 was particularly enhanced in the maize oil group as compared with the other two dietary groups. CIH further increased the 22 : 6n-3 or 20 : 4n-6 proportions in the fish oil or maize oil dietary groups, respectively.
In serum TAG and heart TAG and DAG, the (SFA þ MUFA):PUFA ratio (Fig. 1) closely followed that of the corresponding fed diet. On the other hand, this ratio remained unaffected by diets in serum PL and CE, as well as in heart PL. The (SFA þ MUFA):PUFA ratio was considerably lower in serum PL, serum CE and heart PL as compared with other lipid classes due to the relatively high proportion of total PUFA. CIH increased the (SFA þ MUFA):PUFA ratio in serum TAG of the lard group and in serum PL of the fish oil group. In contrast, CIH induced a decrease of this ratio in heart TAG and DAG but had no effect in serum CE and heart PL.
All lipid classes tended to reflect the n-6:n-3 ratio of the corresponding fed diet (Fig. 2) . The ratio was the highest in the maize oil dietary group and the lowest in the fish oil group. Nevertheless, the difference in these ratios among the groups was less pronounced in the heart PL and DAG as compared with other lipids. CIH induced a decrease of the n-6:n-3 ratio in all lipid classes, except for serum TAG.
Conjugated dienes and antioxidative enzymes
The fish oil diet increased the level of conjugated dienes in both normoxic and hypoxic myocardium as compared with the corresponding lard or maize oil dietary groups. CIH had no additional effect (Table 4) . However, CIH enhanced catalase activity in the hearts of rats fed both PUFA diets compared with the lard group. Activities of SOD and GPX were affected by neither lipid diets nor CIH (Table 4) .
Discussion
Effect of diets and chronic intermittent hypoxia on the fatty acid composition in serum and heart lipids In agreement with other studies (17) , we confirmed that the n-6:n-3 PUFA ratio in all serum and heart lipids was shifted in favour of the predominant PUFA class in the diet. CIH induced a decrease of the n-6:n-3 PUFA ratio due to the 22 : 6n-3 enrichment at the expense of 20 : 4n-6 in all heart lipids, independent of the diet. This effect was the most consistent in heart PL. Whereas the (SFA þ MUFA):PUFA ratio in serum and heart TAG and DAG reflected the ratio of the corresponding diet, in serum PL and CE and heart PL it was kept relatively constant regardless of dietary interventions or CIH.
The primary role of TAG is the transport of fatty acids into tissues providing a store of energy. In the present study, fatty acid profiles of serum and heart TAG closely followed those of the diets in line with the fact that samples were collected from fed rats, i.e. chylomicrons were the predominant form of circulating TAG-rich lipoproteins. It is generally accepted that fatty acids derived from the hydrolysis of TAG-rich chylomicrons may be the primary source of fatty acids utilised by the heart, particularly in the fed state (18) . CE represent the transport form of cholesterol in the blood that is supplied to the heart, which has low cholesterol biosynthetic capacity (19) . The present results show that nearly a half of the overall fatty acid content in CE of the lard and maize oil 0·20  1·13  0·18  0·87  0·09  1·30  0·11  1·06  0·17  1·26  0·15  SOD activity (U/mg protein)  243  43  248  37  205  29  209  13  214  15  182  15 GPX, glutathione peroxidase; SOD, superoxide dismutase. * Mean value was significantly different from that of the corresponding normoxic group (P,0·05). § Mean value was significantly different from those of the other dietary groups (P, 0·05).
groups comprises 20 : 4n-6 while in the fish oil group this PUFA is replaced to a large extent by 20 : 5n-3. It has been reported that 20 : 5n-3 is the preferred substrate both for lysophosphatidylcholine acyltransferase, leading to the formation of phosphatidylcholine in the rat liver (20) , and for plasma lecithin:cholesterol acyltransferase which transfers PUFA from plasma phosphatidylcholine to CE (21) . This may explain the partial replacement of 20 : 4n-6 with 20 : 5n-3 in plasma CE of the fish oil dietary group in agreement with results of Garg et al. (22) . CIH further increased the incorporation of 20 : 5n-3 into CE of the fish oil group, probably due to the enhanced supply of 20 : 5n-3 from serum PL (i.e. phosphatidylcholine).
Serum and heart PL contained substantially higher proportions of 18 : 0 and 20 : 4n-6 than the diets. It has been reported that a large proportion of 18 : 0 and 20 : 4n-6 is incorporated into PL due to the preferential affinity of acyltransferases and transacylases for these fatty acids during the fatty acid remodelling process associated with PL de novo synthesis in the rat liver (23) . In the fish oil group, 20 : 5n-3 was preferentially incorporated into serum PL and CE whereas the accumulation of 22 : 6n-3 was favoured in all heart lipids despite nearly equimolar proportions of these two n-3 PUFA in the diet. The preferential incorporation of 22 : 6n-3 into myocardial lipids has been reported in other studies on rodents (24) and human subjects (25) . CIH increased the accumulation of 22 : 6n-3 at the expense of 20 : 4n-6 in myocardial PL of the lard and maize oil groups. However, in the fish oil group, CIH stimulated the accumulation of 22 : 6n-3 in heart PL at the expense of 18 : 2n-6 without any compensatory effect on 20 : 4n-6. It is evident that CIH-adapted myocardium tends to preserve the relatively low level of 20 : 4n-6 in PL that was already reduced by the fish oil diet.
The shifts in the n-6 and n-3 PUFA proportions in heart PL caused by diets and CIH were qualitatively similar to those observed in rats fed different PUFA-enriched diets and chronically treated with high doses of catecholamines (26) . In line with this observation, exposure of rats to CIH was associated with transiently increased adrenergic activity and elevated plasma levels of catecholamines (27, 28) . Thus, the fatty acid remodelling in PL induced by CIH could be explained by stress-dependent hormonal modulation of enzyme activities involved in PL acyl remodelling. PL deacylation was accelerated due to the activation of phospholipase A2 in cardiomyocytes exposed to hypoxia (29, 30) . It is likely that this enzyme which preferentially hydrolyses 20 : 4n-6 from the sn2 position of membrane PL (31) and acyl-CoA synthase with preferential affinity for 22 : 6n-3 (32) could contribute to the 22 : 6n-3 accumulation in heart PL by the deacylation -reacylation cycle observed after CIH.
Our observation that DAG comprised a high proportion of SFA and MUFA but a low proportion of PUFA as compared with other lipids regardless of dietary interventions is in agreement with several reports (33 -36) . The fish oil diet increased the 22 : 6n-3 proportion in DAG compared with other diets. This observation is in line with the results obtained in fish oil-supplemented mice and dogs (37, 38) . DAG are important endogenous lipid activators of PKC (39) . Besides a direct interaction of this lipid with PKC, changes induced in the membrane lipid structure by DAG and other lipids favour the binding and activation of PKC (40) . It has been shown that DAG enriched with 20 : 5n-3 or 22 : 6n-3 were less efficient activators of PKC than DAG containing 20 : 4n-6 (41) . Judé et al. (38) observed a lower activation of PKC d and PKC 1 in the hearts of fish oil-supplemented dogs than in those fed the standard diet. In line with the results mentioned above, Hlavackova et al. demonstrated a lower abundance of PKC d in the particulate fraction from normoxic hearts of rats fed the fish oil diet, together with the larger myocardial infarct size compared with the maize oil dietary group (10) . On the other hand, adaptation to CIH that further increased the 22 : 6n-3 proportion in heart DAG of the fish oil group stimulated the expression of PKC d and had a protective effect on infarct size. These results suggest that the impact of changes in the PUFA composition of DAG on PKC activation or inactivation in connection with cardiac ischaemic tolerance is complex and may differ in normoxic and chronically hypoxic hearts. CIH also increased 20 : 4n-6 in DAG of the maize oil group and tended to increase it in the lard and fish oil groups in contrast with heart TAG and PL where 20 : 4n-6 either decreased or remained unchanged. The fact that CIH specifically increased the accumulation of 20 : 4n-6 in myocardial phosphatidylcholine (9) offers the explanation that phosphatidylcholine could be an important source of DAG under the CIH conditions. In accordance with this assumption, it has been reported that DAG generated from phosphatidylcholine by phospholipase D is involved in ischaemic preconditioning (42, 43) . Murase et al. (35) found an increased DAG content as well as an increased proportion of 20 : 4n-6 in DAG of preconditioned rat hearts, supporting the involvement of this signalling lipid in the cardioprotection.
There is a general consensus that n-3 PUFA, particularly 20 : 5n-3 and 22 : 6n-3, exert powerful anti-arrhythmic effects (44) resulting from their multiple actions. It was shown, for example, that both 20 : 5n-3 and 22 : 6n-3 decreased cardiac susceptibility to adrenergic stimulation (45) , prevented disturbances of membrane transport and ionic homeostasis (46, 47) , decreased phosphoinositides production (48) , altered the fatty acid composition of DAG and led to differential PKC activation (38) . Therefore, the enrichment of 20 : 5n-3 and 22 : 6n-3 in serum and heart lipids demonstrated in the present study could contribute to the anti-arrhythmic effect of CIH observed under ischaemia-reperfusion conditions that was most pronounced in the fish oil group (10) .
Effect of diets and chronic intermittent hypoxia on myocardial redox status
The increased level of conjugated dienes in the myocardium of fish oil-supplemented rats is in agreement with the increased susceptibility of n-3 PUFA to oxidative stress, compared with the n-6 PUFA class, probably due to the greater presence of double bonds (49) . Conjugated dienes are one of the primary metabolic intermediate products of lipoperoxidation (50, 51) . Our finding of increased levels of conjugated dienes in the myocardium of the fish oil dietary group corresponds to the largest myocardial infarct size observed in these animals. On the other hand, the same fish oil group exhibited the lowest incidence and severity of ventricular arrhythmias (10) . This is in line with the suggestion of Judé et al. (52) that an oxidation product of 22 : 6n-3 could effectively protect against arrhythmias rather than 22 : 6n-3 itself.
Despite the increased formation of conjugated dienes in the fish oil group, we did not notice any change in the activities of SOD, GPX or catalase. Likewise, Nageswari et al. (53) did not observe any effect of a fish oil diet on antioxidative enzyme activities in rat hearts despite the increased level of hydroperoxides. In contrast, Diniz et al. (54) have shown that both n-3 and n-6 PUFA diets decreased the activities of SOD and catalase and increased the activity of GPX in rat hearts. Under similar experimental conditions, a decrease in activities of myocardial SOD and GPX was detected in another study (55) . This inconsistency of available data regarding the effects of lipid dietary supplementation may be due to the variability of experimental models, fatty acid composition of diets and their intake level.
Recently we demonstrated that CIH was associated with increased oxidative stress as evidenced by decreased myocardial reduced:oxidised glutathione ratio and elevated concentration of lipofuscin-like pigments (8) . The present study did not detect any significant effect of CIH on the myocardial level of conjugated dienes in any dietary group. This can be explained by the fact that these compounds are one of the first temporarily detectable unstable markers of lipoperoxidation. It seems likely that changes in the level of conjugated dienes could have appeared at earlier stages of hypoxic adaptation. CIH increased the activity of catalase in the hearts of the fish oil and maize oil groups as compared with the lard-fed group. This suggests that oxidative stress associated with CIH was probably higher in both PUFA dietary groups than in the lard group. In line with our observation, CIH enhanced the activity of catalase in the hearts of rats kept on a standard diet (56) . On the other hand, myocardial activities of catalase and GPX did not differ between normoxic and chronically hypoxic young rats whereas the SOD activity was decreased in the hypoxic group (57) . Although total SOD and GPX remained unchanged in the myocardial homogenate of CIH animals, we cannot exclude that their activities increased in specific subcellular compartments, such as mitochondria, that are involved in reactive oxygen species generation.
We conclude that both dietary interventions as well as CIH had systemic effects leading to distinct changes in the fatty acid profile in serum and heart lipids. In particular, membrane PL maintained SFA, MUFA and total PUFA proportions constant independently of diet and CIH. This is the evidence of a remarkable regulatory ability of membranes to maintain a stable milieu that is necessary for a proper function of membrane proteins. On the other hand, the n-6:n-3 PUFA ratio was influenced to various extents by either the dietary PUFA supply or CIH in all lipid classes. These changes may affect myocardial adaptive responses under various physiological and pathophysiological conditions, such as those associated with ischaemia-reperfusion and oxidative stress.
